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Abstract 27 
Saliva is becoming an increasingly useful research material across multiple fields of 28 
inquiry, including biomedical, dental, psychological, nutritional, and food choice 29 
research. However, both the flow rate and protein composition of stimulated saliva 30 
differ as a function of the collection method.  We hypothesized that the context in which 31 
a salivary stimulus is presented to participants may alter salivation via behavioral (i.e., 32 
spitting efficiency) or top down cognitive effects.  We presented participants with a 33 
constant stimulus (commercially available green tea) in two distinct contexts, once 34 
where the tea was described as a food item (“tea”) and once where it was described as a 35 
disgusting non-food item (“rabbit hair extract”).  Saliva and the expectorated stimulus 36 
were collected following 15 seconds of oral exposure in a crossover design with the 37 
identical stimulus presented under both contextual conditions; saliva was also collected 38 
for 5 minutes after stimulation while chewing a piece of wax.  Participants also 39 
completed several validated personality instruments to measure food involvement, 40 
sensation seeking, sensitivity to reward, and sensitivity to punishment.  Our data 41 
indicate participants spat out more sample when told they received the ‘non-food’ 42 
stimulus compared to the ‘food’ stimulus, particularly when they were given the non-43 
food stimulus first.  Further, individuals who were more sensation seeking spat out 44 
more sample during the ‘food’ condition compared to individuals with lower sensation 45 
seeking scores, but this difference was not observed during the ‘non-food’ condition.  46 
We interpret these data as showing either a greater motivation to spit for the ‘non-food’ 47 
stimulus, or a top down cognitive effect on salivary flow: that is, the context in which a 48 
salivary stimulus is presented alters how much sample/saliva is expectorated, and this 49 
effect may interact with personality factors.   50 
1. Introduction 51 
 Saliva has become an increasingly useful research material across multiple fields. 52 
With over 3,000 proteins in saliva, many with functions that remain unclear, saliva may 53 
hold great potential for diagnostic use above and beyond its fundamental physical roles 54 
in the mouth [1]. Unstimulated saliva (also called resting saliva) differs from stimulated 55 
saliva, and stimulated saliva differs depending on the type of stimulation [2, 3], an 56 
observation that dates back to Pavlov.  Based on his work in dogs, Pavlov proposed 57 
‘alimentary’ (food stimulated) saliva was thicker, more mucous-like while ‘defensive’ 58 
(acid stimulated) saliva was thinner and more watery [4].  59 
 Saliva is reflexively secreted due to taste, mechanical, and to some degree 60 
olfactory stimulation generating afferent signals to the brain; these signals are then 61 
modified by other input before efferent signals stimulate salivary glands via autonomic 62 
nerves [2, 5]. While these direct, sensory stimulations of the salivary reflex dominate 63 
salivary flow rates, previous work on saliva predating the proteomic era showed a great 64 
deal of variation in salivary responses depending on cognitive factors, such as mood, 65 
personality [3], conditioning [6], instructions/feedback [3, 7], and flavor expectation 66 
[3]. Given growing interest in saliva as diagnostic tool via –omic approaches, the 67 
potential of cognitive factors to influence salivary composition and flow needs to be 68 
reconsidered. 69 
 Many studies that collect saliva use some oral stimulus to help generate saliva. 70 
For example, parafilm (wax) has been widely used to collect saliva stimulated by 71 
chewing; alternatively, intensely sour products such as lemon juice, acetic acid, and 72 
citric acid have all been used to collect saliva stimulated by acidity. However, these 73 
studies have rarely considered whether the participant receiving the stimulus 74 
considered the item to be ‘food’ or not. The origins of classic Pavlovian conditioning tells 75 
us that dogs will salivate when they expect to receive food, but that this saliva is different 76 
from saliva in response to an acid stimulus [4]. Other studies indicate salivary flow may 77 
decrease when an individual is disgusted, potentially activating a stress response [8, 9].  78 
Given such contextual differences in salivation, we hypothesized the context in 79 
which a stimulus is presented may alter key salivary parameters, especially when 80 
salivary “flow” is measured via expectoration (rather than direct collection from the 81 
salivary ducts). Notably, while the expectoration method certainly has some inherent 82 
flaws in that it will inevitably lead to incomplete collection of all saliva and stimulus 83 
(some will adhere to oral surfaces), this collection method remains widely used in 84 
studies of food and saliva (e.g., [10-22]).  85 
Thus, while expectorated saliva volume is clearly an imprecise measure of flow 86 
vis-à-vis direct collection, understanding how context influences collection volume is 87 
relevant for interpretation of prior data. Moreover, expectoration methods are 88 
necessitated when seeking to understand how food and saliva interact, as an individual 89 
cannot effectively chew when the mouth contains devices required for collection from 90 
individual ducts. That is, the expectoration method, despite potential limitations, is 91 
necessitated when the research question of interest pertains to naturalistic interactions 92 
with food.  The specific goal of this study was to investigate differences in salivation in 93 
response to a food and a non-food. This aim mandated use of an expectoration based 94 
measure of “flow,” as inserting collection devices in the mouth would inherently make 95 
the experience less like eating “food”, and defeat the our contextual cognitive 96 
manipulation.  97 
To ensure any observed differences in salivation were not due to differences in 98 
the stimulus itself, the exact same item (a commercially available tea) was presented to 99 
participants twice: once with the stated context that it was food (“tea”) included as a 100 
control in the experiment, and once with the stated context that it was not food (“rabbit 101 
hair extract”). To justify and rationalize ingestion/tasting of rabbit hair extract, we told 102 
participants a cover story that a) animals such as rabbits in increase salivation when 103 
licking themselves (true), b) we believe rabbit hair may naturally contain a substance 104 
which stimulates saliva during licking and grooming (false), and c) we were studying 105 
this extract as potential treatment for dry mouth syndrome (false), a deception which 106 
was approved by the local institutional review board. Participants thus expected to 107 
receive an item that would stimulate salivation, but was presented with as strong of a 108 
non-food, disgust-evoking context as we thought would be potentially plausible. We 109 
expected one of two outcomes: 1) participants would salivate (or more precisely, 110 
expectorate) more during “rabbit hair” stimulation because the item would be viewed as 111 
a threat and would need to be purged from the mouth, and also simply because we told 112 
them they would salivate more with “rabbit hair” compared to “tea”; or 2) participants 113 
would salivate/expectorate less during “rabbit hair” stimulation because they were 114 
disgusted and the product was unappetizing. Other outcome measures included salivary 115 
flow rates during the 5 minutes after stimulation, protein content after stimulation, and 116 
sensory ratings of the stimuli.  117 
 118 
2. Materials and Methods 119 
To test whether participants’ expectations of a stimulus (‘food’ versus ‘not food’) 120 
would change their salivary response, the concept of “rabbit hair extract” was invented 121 
by the first author. To our knowledge, no actual “rabbit hair extract” product exists. This 122 
item was chosen as rabbit hair is not a typical food product, but could conceivably be 123 
produced industrially from food grade sources, as rabbit meat is commercially available 124 
in North America. We specifically selected this item to induce disgust, under the 125 
premise that hair of an animal violates typical assumptions of what is considered edible 126 
in the United States. Disgust is a particularly strong motivator for food rejection [25]. 127 
Further, the plausibility of “rabbit hair extract” as a means to stimulate salivary 128 
production was propagated through the fact that animals do in fact increase salivation 129 
when grooming themselves [26], so the participants were told that compounds in the 130 
rabbit hair extract would promote saliva production. We chose to tell participants that 131 
the item would stimulate saliva, rather than decrease it, because in most studies 132 
attempting to collect saliva, this is how the stimulant would be described (i.e., as a aid to 133 
collection). Collectively, this allowed us to present a stimulus with a label that would 134 
ideally invoke disgust and be perceived as ‘non-food’ while still presumably being 135 
plausible as food grade salivary stimulus.  136 
Given the main purpose of this experiment was to test the cognitive influence of 137 
expectation on salivary response (i.e., ‘food’ versus a ‘non food’ stimulus), participants 138 
were recruited to participate in a study on the stimulation of saliva. Recruiting 139 
documents advertised that subjects would be tasting tea and “rabbit hair extract”, a 140 
product supposedly designed as a natural supplement to stimulate salivary production 141 
for the treatment of dry mouth syndrome. In reality, participants tasted the exact same 142 
tea twice, once labeled as “tea” and once labeled as “rabbit hair extract.” 143 
 Eligible participants (n=56; 11 men) were recruited from a database maintained 144 
by the Sensory Evaluation Center at Penn State. This database consists of large number 145 
of age diverse individuals (1500+) who have previously expressed an interest in 146 
participating in studies in our facility; it is not a typical psychology study pool comprised 147 
by undergraduates, and this is the first deception study we have ever recruited from this 148 
population (additional details below). Our facility also works on drug delivery systems 149 
(e.g., [27-29]) and sensory biology (e.g., [30, 31]), so the idea that we might be working 150 
on dry mouth syndrome was not incongruent with other recent study recruitment 151 
efforts. Here, eligibility criteria included: between 18 and 45 years of age, no known 152 
defects in taste or smell, no food allergies, no tongue/lip/cheek piercings, no smoking 153 
within the past 30 days, not suffering from dry mouth, no history of choking or difficulty 154 
swallowing, and willing to taste the samples and provide saliva. All participants were 155 
told the test would involve tasting tea and rabbit hair extract. During the experiment, 156 
several participants failed to comply with instructions during the saliva collection 157 
phases. These participants were excluded from the saliva flow rate analysis (completers 158 
n=40; 7 men). Further, some participants failed the internal controls for using the 159 
general Labeled Magnitude Scale correctly for intensity ratings, and so were excluded 160 
from any analysis on the sensory data (completers n=51; 10 men). All participants 161 
signed written, informed consent documents (which did not contain the true purpose of 162 
the study) at the beginning of the experiment. At the conclusion of the experiment, 163 
participants signed separate debriefing forms containing details on the deception; these 164 
forms indicated they understood the deception and elected to remain in the study. That 165 
is, per standard ethical guidelines, participants were offered the opportunity to 166 
withdraw consent and have their data destroyed once they learned of the deception and 167 
the real goals of the study; none chose to do so. The entire protocol, including the use of 168 
deception during initial consent, was approved by the Penn State Institutional Review 169 
Board (protocol number: STUDY00002951). 170 
 Two samples were prepared per participant. Each participant received 15 grams 171 
of one sample labeled “tea” and another sample labeled “rabbit hair extract” in 172 
counterbalanced order. Samples were served cold, approximately 4°C. Both samples 173 
were actually the same commercially available unsweetened tea product (Soft Floral 174 
Rose Green Tea by Teas’ Tea, purchased locally). To select this tea, both authors and 175 
other members of our research team tasted over 20 commercially available ready to 176 
drink tea based beverages – this specific tea was chosen as it had an easily noticeable 177 
but not grossly unpleasant off flavor that our team collectively felt made it plausible 178 
when labeled both as a food (“tea”) as a non-food (“rabbit hair extract”) item. 179 
 All surveys and sensory data were collected using CompuSense Cloud software 180 
(Guelph, ONT). Upon arriving for the experiment, participants were given an 8oz bottle 181 
of water to consume immediately. For the next 20 minutes, participants completed the 182 
consent process, our standard orientation warm-up procedure for a general labeled 183 
magnitude scale (gLMS, [32], supplemental data) and a personality survey (either 184 
Arnett’s Inventory of Sensation Seeking (AISS, [33]) or the English language version of 185 
the Sensitivity to Reward/Sensitivity to Punishment Questionnaire (SPSRQ, [34-36]). 186 
Next, participants sat in individual sensory booths, where they were given the first 187 
sample in a 50mL centrifuge tube that had been pre-weighed. Participants were 188 
instructed, as a group, to take the entire sample into his or her mouth and swish it 189 
around for 15 seconds. An experimenter counted down the 15 seconds aloud. 190 
Participants then expectorated the entire sample (and any accumulated saliva) back into 191 
the centrifuge tube. These samples (saliva + expectorated stimulus) were immediately 192 
weighed, aliquoted and frozen on dry ice. Next, participants received a 2x2 inch piece of 193 
parafilm. Participants were instructed to chew on the piece of parafilm and expectorate 194 
all saliva for the next 5 minutes. Saliva was expectorated into a second pre-weighed 195 
50mL centrifuge tube that was held in a cup of regular ice. During the chewing period, 196 
participants rated sensory aspects of the sample. Hedonic ratings were collected on a 197 
bipolar, horizontal visual analog scale, with the ends of the scale being labeled ‘strongest 198 
disliking of any kind’ (left side) and ‘strongest liking of any kind’ (right side); the 199 
midpoint of the scale was labeled ‘neutral’, as shown in Supplemental Figure 1. This 200 
scale has been described previously (e.g., [37, 38]. Ratings of perceived intensity were 201 
collected using a horizontal gLMS with marks to indicate no sensation (0), barely 202 
detectable (1.4), weak (6), moderate (17), strong (35), very strong (51), and strongest 203 
imaginable sensation of any kind (100). Separate scales were used to collect intensity 204 
ratings for: overall flavor, odor, sweetness, sourness, saltiness, and bitterness. A text box 205 
was also provided for open-ended comments on the stimulus. After the 5 minutes 206 
elapsed, saliva (following chewing on parafilm) was also immediately weighed, 207 
aliquoted, and frozen on dry ice. After the first sample, participants drank another 8 oz 208 
bottle of water. Another 20-minute wait was imposed, during which participants filled 209 
out the other personality survey (either the AISS or SPSRQ, whichever they had not yet 210 
completed, with the order of presentation of personality measures counterbalanced 211 
across participants). Participants then tasted the second sample using the same 212 
procedure described above. After both samples had been tasted, panelists completed a 213 
final survey containing the Food Involvement Scale (FIS, [39]), medication usage, tea 214 
consumption, as well as an open comment box on whether the rabbit hair ‘worked’ to 215 
stimulate saliva; this was included as a way to gauge whether a participant had figured 216 
out that the “rabbit hair extract” was a ruse.  217 
 For all participants, the experiment was conducted in the afternoon between the 218 
hours of 1300 and 1600. All tests for each participant were conducted the same session, 219 
which lasted about 90 minutes. 220 
 Salivary flow rates (or, as later described, expectoration efficiency) were 221 
calculated by difference, using the before and after weights of the pre-weighed 50mL 222 
centrifuge tubes and subtracting the weight of the tea (15g) for the “tea” and “rabbit 223 
hair” stimulated samples. Protein content of the chewing saliva was measured using the 224 
BCA assay (Thermo Scientific Pierce, Rockford, IL). The two saliva samples collected in 225 
the “tea” and “rabbit hair” conditions were not measured for protein content, as each 226 
contained expectorated tea along with saliva, and the precise ratio of tea to saliva would 227 
require development of a new technique to measure the proportion of the constituents. 228 
That is, although all participants were given the same amount of tea, the presence of 229 
some negative values in our data indicated not all participants expectorated completely, 230 
and residual amounts of tea and saliva remaining in the mouth were unknown and not 231 
necessarily equivalent across individuals. 232 
 For readability and clarity throughout the remainder of the manuscript, when the 233 
sample was presented in a ‘food’ context (e.g., labeled as “tea”) it will be referred to as 234 
“Tea,” while when it was presented in a ‘non-food’ context (e.g., labeled as “rabbit hair 235 
extract”) it will be referred to as “Rabbit Hair.” Also, saliva collected during the 236 
stimulation with these two samples (the 15 seconds of swishing) will be referred to as 237 
sample stimulated saliva, while saliva collected during the phase of chewing parafilm (5 238 
min) will be referred to as chewing stimulated saliva. 239 
 Data were analyzed using repeated measures ANOVA in SAS 9.4 (Cary, NC) for 240 
salivary flow rates, protein content, and sensory data comparing the Tea and Rabbit 241 
Hair conditions. For chewing stimulated salivary flow, residual analysis indicated 242 
violation of normality assumptions, so data for flow rates were log10 transformed. For 243 
sensory intensity data, data were square root transformed to meet normality 244 
assumptions (a log10 transform was also attempted, but the data still violated model 245 
assumptions). Affective (hedonic) ratings were analyzed by Spearman rho correlations 246 
and by Wilcoxon Sign Rank tests (for difference between rating for Tea and for Rabbit 247 
Hair) because of ‘lumping’ in the data (many ratings just barely above or below neutral). 248 
These data were also analyzed for interaction effects with order by conducting separate 249 
analyze on those who received Rabbit Hair first compared to those who received Tea 250 
first.  Correlations between sensory data and personality questionnaires and medication 251 
use were analyzed using Spearman’s rho in SAS 9.4. Medication use was coded as 252 
binomial data for use of: any medication, allergy medicines, and thyroid or 253 
antidepressant medicines. After observing the effects for Tea/Rabbit Hair stimulated 254 
saliva and the numerous negative values in these conditions, data were reanalyzed for 255 
participants with: only negative flow rates (indicating incomplete spitting, N=13, 4 who 256 
tasted Rabbit Hair first), one negative and one positive flow rate (N=9, 5 who tasted 257 
Rabbit Hair first), and only positive flow rates (N=18, 12 who tasted Rabbit Hair first).  258 
In the final group of only positive flow rates, model assumptions about the normality of 259 
the residuals were violated, so the data were log10-transformed to correct for this. 260 
 261 
3. Results 262 
3.1 Sensory data 263 
There was evidence of an interaction with order for hedonic ratings of the 264 
samples. Those who received Tea first then Rabbit Hair gave higher ratings to Tea 265 
(median difference of Tea – Rabbit Hair = 0.7; p=0.02). While this value is significantly 266 
differs from zero, the median difference is very small, less than a full point on a 100 267 
point line scale. No difference in hedonic ratings was apparent for participants who 268 
received Rabbit Hair followed by Tea (median difference Tea – Rabbit Hair = -0.2, 269 
p=0.79; see Figure 1). Ratings for bitterness were negatively correlated with ratings for 270 
liking in both samples (Table 1). There also was a trend for an interaction with order in 271 
bitterness ratings, with those who received Rabbit Hair first perceiving the Rabbit Hair 272 
as slightly less bitter than the Tea (p=0.06, p=0.87 for Tea first group).  273 
 274 
3.2 Salivary parameters 275 
For the stimulated salivary flow (or expectoration) during the 15 seconds of oral 276 
exposure, we observed significant main effects for condition (Tea vs. Rabbit Hair: 277 
F(1,38)= 7.80; p=0.008), order of tasting (Rabbit Hair first versus Tea first: F(1,38)= 278 
4.88; p=0.03), as well as an interaction between condition and order (F(1,38)= 7.80; 279 
p=0.008). Figures 2 and 3 summarize these effects. For the stimulated saliva, there was 280 
evidence that participants salivated more both when they received Rabbit Hair first 281 
compared to Tea first (between subject), and when told they were tasting Rabbit Hair 282 
compared to Tea (within subject). However, in light of the interaction effect, the 283 
significant main effect appears to be driven almost entirely by the group who received 284 
Tea first: those who received Rabbit Hair first showed little difference in stimulated 285 
saliva between conditions, instead maintaining high salivation across both. One outlier 286 
was present in the Rabbit Hair first group (noted with # in Figure 3); however, while 287 
removing this individual led to slight increase in Rabbit Hair versus Tea stimulated 288 
saliva for the Rabbit Hair first group as well, the overall effects did not change with 289 
removal. No differences were observed for chewing salivary flow rates, or for chewing 290 
saliva protein content. Notably, individual salivary flow rates were highly correlated 291 
within each subject for both chewing and sample stimulated saliva (Table 1).  292 
Considering the large number of negative values in the Tea/Rabbit Hair 293 
stimulated salivary “flow” rate, the data were reanalyzed by whether participants had 294 
negative values for both Tea and Rabbit (incomplete expectoration in both conditions), 295 
negative values for only one condition, or positive values for both conditions. Results 296 
from this analysis indicate that the effects on “flow rate” were driven by the individuals 297 
with negative values in both conditions (N=13). A summary of the findings for this post-298 
hoc separation of groups is shown in Table 2.  299 
 300 
3.3 Individual factors: Sensation Seeking, Sensitivity to Punishment, Sensitivity to 301 
Reward, Food Involvement, and Medications 302 
Individuals who were more sensitive to punishment (from the SPSRQ) gave lower 303 
hedonic ratings in both conditions (Tea: rho=-0.37, p=0.008; Rabbit Hair: rho=-0.34, 304 
p=0.01); they also reported more bitterness in both conditions (Tea: rho=0.47, 305 
p=0.0006; Rabbit Hair: rho=0.41, p=0.003). Those who were more Sensation Seeking 306 
salivated more than those who were less sensation seeking, but only for the Tea 307 
condition (Tea: rho=0.36, p=0.02; Rabbit Hair: rho=0.19, p=0.24). In direct contrast to 308 
two separate studies from our facility [37, 40], here we unexpectedly found those who 309 
were more sensation seeking were also more sensitive to punishment (rho=0.41, 310 
p=0.003) and less sensitive to reward (-0.40, p=0.003). However, the current study’s 311 
sample may not be entirely representative of the wider population, as the individuals 312 
who participated in this test had to be willing to consume “rabbit hair extract”; some 313 
personality factors may incline an individual to participate in such an intentionally 314 
disgusting protocol in return for monetary reward. Thus, it is possible the discrepancy 315 
with prior data vis-à-vis personality may be random variation or a selection effect 316 
arising from willingness to participate, so caution is warranted in interpreting these 317 
particular results. No other significant correlations were observed for sensitivity to 318 
reward or punishment (SPSRQ), sensation seeking (AISS), food involvement (FIS), or 319 
medication use with sensory or salivary measures.  320 
 321 
4. Discussion 322 
 The main findings of this study were that a) participants salivated or 323 
expectorated more when told they were tasting “rabbit hair extract” compared to “tea,” 324 
especially when they tasted tea first or if they had low expectorated weights of sample + 325 
saliva, and b) participants who were more sensitive to punishment gave lower affective 326 
ratings and higher bitterness ratings both “tea” and “rabbit hair extract.” Also, 327 
participants with higher sensation seeking scores salivated or expectorated more for 328 
“tea” than those who were less sensation seeking, but this difference was not observed 329 
for “rabbit hair extract.”  Another outcome, which we interpret cautiously due to the 330 
small effect, is that those who received “tea” first gave slightly higher liking ratings to 331 
the “tea” compared to “rabbit hair extract,” while this difference was not evident in 332 
those who received “rabbit hair extract” first.  Implications of these findings are 333 
discussed in detail below. 334 
 Given evidence for significant differences in salivary “flow” that occurred when 335 
participants were told the sample was Rabbit Hair compared to Tea, we can think of 336 
three distinct explanations for this observation. First, being told the stimulus was rabbit 337 
hair extract may have successfully elicited disgust and thus triggered a reflex that 338 
stimulated additional saliva production to flush the disgusting stimulus from the oral 339 
cavity.  Another possible explanation is that participants salivated more because we told 340 
them the Rabbit Hair may function as a stimulant for saliva production. It may be that 341 
participants salivated more simply because they expected to salivate more (open-ended 342 
comments collected at the end of the study indicated that most participants believed 343 
they salivated more during the Rabbit Hair exposure compared to Tea). Finally, a third 344 
explanation for the observed effect is that participants were disgusted by the rabbit hair 345 
extract and thus spat more forcefully and/or efficiently, thereby leaving less 346 
sample/saliva in the mouth. Given that the overall effect was driven predominantly by 347 
the group with negative values for “flow” in both the Tea and Rabbit Hair conditions, we 348 
believe this last explanation is the most plausible. All possibilities are discussed below. 349 
 The first possibility – that exposure to a disgusting or non-food stimulus may 350 
actually stimulate salivation – is congruent with prior literature on salivary responses.  351 
This explanation would indicate a top-down effect of cognition on salivation.  352 
Individuals who received the Rabbit Hair second displayed the most robust effect, while 353 
those who received the Rabbit Hair first may have simply retained the increased 354 
salivation into the second session (perhaps through being reminded of the first sample). 355 
Disgust reactions include potential for contamination – that is, that one disgusting 356 
object may contaminate another, originally non-disgusting object – and such 357 
contamination cannot be washed away [41, 42]. Consequently, in the environment of the 358 
test with the continual reminders of “rabbit hair extract” the first experience with the 359 
sample may have contaminated the latter experience, thereby maintaining the higher 360 
salivation for the Rabbit Hair first group.  361 
 The second explanation for the higher salivation during stimulation with Rabbit 362 
Hair  – that participants salivated more simply because we told them they might – 363 
would also indicate a top-down effect of cognition on salivation. This would essentially 364 
indicate a placebo effect, and the potential for this effect was increased by the 365 
intentionally un-blinded nature of our experiment. Presumably, the order effect could 366 
be explained because the participants who received Rabbit Hair first believed that the 367 
stimulus was making them salivate, and so continued to salivate more even during the 368 
second stimulation. However, no differences were observed during the chewing phases. 369 
Notably, previous work showed participants could decrease, but not increase, parotid 370 
salivary secretion rate upon demand with practice and immediate feedback from the 371 
experimenter [7].  Others have been able to increase acceleration of salivary flow with 372 
monetary reward [43] or with mouth movements or swallowing [44]. 373 
The final possibility – that participants were simply more motivated to spit more 374 
completely under the Rabbit Hair condition – is likely the dominant contributor for the 375 
observed effects. Individuals who spat the least (showing negative values for both Tea 376 
and Rabbit Hair stimulated salivary “flow”) drove the effect for a difference in the 377 
expectorated weights between the two cognitive conditions. Thus, the effect on “flow” 378 
observed here may be more accurately interpreted as an effect on expectoration 379 
efficiency. The inadequate expectorators (those who spat out less than the 15g of original 380 
sample, indicating both sample and saliva were retained in the mouth) may have been 381 
more motivated to spit out the entire sample when it was labeled as Rabbit Hair, leading 382 
to greater spitting efficiency. However, it needs to be noted that this factor (spitting 383 
efficiency) is inherently confounded with salivary flow rate, as those with low flow rates 384 
will have less saliva to spit out, increasing the chance they will have a negative value for 385 
the difference between expectorated sample and original sample weight.  386 
Regardless, the effect observed here appears to be predominantly due to 387 
behavioral differences in spitting due to the stimulus context. While other measures for 388 
salivary flow (such as cannulation of the ducts or Lashley cups) would certainly more 389 
precisely measure salivary flow rather than expectoration, these devices are not practical 390 
for studies attempting to measure how saliva interacts with food in a normal eating 391 
situation. The current study aimed to test a “food” versus “non food” context specifically, 392 
and such devices would have inevitably shifted the perception of the experiment toward 393 
the “non food” context. Nonetheless, the findings of different expectoration weights due 394 
to context are a particularly important design consideration for future work on how food 395 
interacts with saliva. Previously, many studies [10-22]have used expectoration to 396 
measure salivary flow in studies involving real food or taste stimuli. While many studies 397 
using expectoration to measure salivary flow rate use smaller stimulus volumes, this is 398 
widely variable (from a few drops to 15mL [10-22]); ad libutim sip or bite sizes are closer 399 
to 15mL in volume [21, 23] and spoonful sizes are around 7-9 grams (close to 7-9 mL, 400 
but dependent on density) [24], so the quantity used in the current study (15g, 401 
approximately 15mL) is more in line with actual eating behavior. Again, as the purpose 402 
of this experiment was to investigate how the context of the stimulus changed the 403 
salivary parameters, keeping the environment as similar to regular eating as possible 404 
was critical. Giving extremely small volumes would make even the “food” sample less 405 
similar to normal eating, inherently confounding our results. From the outcomes shown 406 
in this experiment,  using expectoration as a proxy for salivary flow rate is not advisable 407 
if there could be a cognitive or expected difference between the samples.  408 
Despite the main effect likely being driven by inefficient expectoration, it is 409 
important to note that numerous studies, many several decades old, reported 410 
differences in salivation due to top-down cognitive effects when using dental rolls or 411 
isolated parotid collection methods rather than expectoration [3]. Early work also found 412 
differences in salivation due to: sexual arousal [45]; sustained attention [46]; simple 413 
suggestion (i.e., water described as sour caused more salivation, and citric acid 414 
described as water caused less [47]); threat, fear, and aggression [48]; and depression 415 
[49]. For an older but thorough review of parotid responses with numerous examples of 416 
top-down effects, the interested reader is referred to [3]. All of these reports buttress the 417 
interpretation that cognitive factors and/or emotional state could also alter salivary flow 418 
rates, despite the fact that our observed differences appear to be primarily from 419 
expectoration efficiency. 420 
Notably, ratings from the current study indicate affective responses did not 421 
markedly differ between the two samples, so if the “rabbit hair extract” did actually 422 
inspire a sense of disgust, asking participants to rate liking/disliking on a generalized 423 
hedonic scale did not successfully capture this feeling. However, to invoke a sense of 424 
disgust, negative hedonic values are not necessary. Work in the disgust literature has 425 
consistently demonstrated that objects with acceptable sensory attributes can still be 426 
disgusting, or can be contaminated by other disgusting objects [41, 42, 50]. For 427 
example, veal or horse or dog could simultaneously be highly liked in blind tasting when 428 
based solely on the sensory experience, but still be highly disgusting for an individual 429 
participant given animal welfare or cultural reasons. Further, we should reemphasize 430 
that all participants here had already indicated they were willing to taste “rabbit hair 431 
extract”; participants who would have been very strongly disgusted by such a product 432 
would not have signed up (i.e., a potential selection bias). Nonetheless, open ended 433 
comments suggest participants certainly expected the “rabbit hair extract” to be 434 
disgusting. Their comments included: “not as bad as I expected,” “intimidating,” 435 
“resembled tea, but much less enjoyable,” “surprised that it didn’t smell or taste funny,” 436 
and “[I was] nervous about the rabbit.” 437 
As differences in expectoration were observed due to cognitive factors, 438 
personality factors would seem to have strong potential to influence these differences. In 439 
previous work, disgust, but not simply negative affect, has been shown to up-regulate 440 
the oral immune response, though this was induced only through images and no 441 
differences in salivary flow rate (unstimulated, passive drool) were observed [51]. This 442 
lack of change in flow rate may be because disgust would be greater for an item actually 443 
entering the mouth, rather than simply viewing the disgusting item [42]. Here, while it 444 
appears that greater sensation seeking individuals may have salivated more during Tea 445 
stimulation compared to those who were lower in sensation seeking, this effect was not 446 
particularly strong (see Table 1). However, the presence of such an effect for Tea but not 447 
Rabbit Hair is intriguing; it may indicate that the perception of the item as a disgusting 448 
and/or non-food stimulus moderated the effect of sensation seeking on 449 
expectoration/salivation. Potentially, spitting could be viewed as socially risky behavior 450 
(at least in western culture), so this may interact with personality to influence spitting 451 
efficiency.  That said, motivation to remove a disgusting/non-food item from the mouth 452 
may override any such effect during the Rabbit Hair exposure. Accordingly, additional 453 
work would be needed to confirm these interactions, and to elucidate why they occur.  454 
That sensitivity to punishment correlated with lower liking and higher bitterness 455 
ratings for the stimuli is intriguing, but not entirely unexpected. Bitterness is often seen 456 
as a negative attribute in foods (with the caveat that preference for bitter foods can be 457 
learned with positive post-ingestive rewards – e.g., coffee and caffeine or beer and 458 
ethanol/bitter hops). However, separating affective responses and sensory ratings has 459 
been a perpetual challenge in the sensory community, as participants often group these 460 
aspects together or substitute one for the other [52]. Sweetness is classically seen as 461 
being inherently rewarding [53, 54], and bitterness is considered to be innately aversive. 462 
It may not be totally unreasonable to extend this slightly to conclude bitterness is 463 
inherently “punishing” (prior caveats about learned associations not withstanding). 464 
Indeed, while sweetness is accepted, bitterness is rejected even in utero and infancy [55-465 
58]. This concept – e.g., the relationship between disliking, aversion and punishment  – 466 
warrants additional nuanced investigation. Such work should also be conducted with 467 
specific attention paid to recruitment methods, as fundamental differences in 468 
personality are likely present in individuals who willing to sign up for a test using 469 
“rabbit hair extract” as compared to those who chose not to respond to our screener.  470 
Limitations in this work are certainly apparent in the method of saliva collection. 471 
Expectoration weights are highly variable, as some liquid will naturally be retained on 472 
the oral surfaces, yet also inherently confounded with the salivary flow rate of the 473 
individuals (people with lots of saliva will spit out more saliva). To our knowledge, data 474 
are not available on what physiological parameters might influence retention of tasted 475 
stimuli when participants are instructed to expectorate, though data indicate that 476 
thicker liquids are more retained by surfaces in swallowing {Bülow, 2003, 477 
Videoradiographic analysis of how carbonated thin liquids and thickened liquids affect 478 
the physiology of swallowing in subjects with aspiration on thin liquids}. The tea used in 479 
the current study was of similar consistency to water, however. While the 15g bolus used 480 
in the current study allows for a large variation by participants to accidently swallow 481 
some of the sample, the lowest value for differences in sampled verses expectoration 482 
weights was around -1.2 g, indicating a loss of less than 1 mL. Other studies, using less 483 
sample, may have less opportunity for swallowing/inefficient expectoration, but would 484 
also be less relevant to normal sip sizes, which are in the 15g or 15mL range [21, 23]. 485 
Again, in order to keep this experiment as similar to normal eating as possible, only 486 
changing the label of the “not food” stimulus rather than the entire environment, some 487 
limitations were inevitable.  488 
 489 
5. Conclusions 490 
Present data demonstrate that the context in which a salivary stimulus is 491 
delivered to participants can alter spitting efficiency (a commonly used proxy for 492 
salivary flow rate), with a non-food/disgusting context resulting in greater spitting 493 
efficiency than the exact same item presented as a food. Further, personality factors 494 
appear to influence both spitting efficiency and the sensory ratings for stimuli, though 495 
more work is needed to understand these effects. While additional work is also needed 496 
to understand the mechanism behind the increased amount of saliva collected in the 497 
non-food condition, present data indicate that at a purely pragmatic level, both the 498 
context in which a stimulus is presented and the personalities of participants should be 499 
carefully considered in studies using saliva as a research material, especially for studies 500 
that measuring flow rates or expectoration over brief periods.  501 
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 522 
Figure 1: Change in liking and bitterness ratings by order of tasting. Horizontal lines 523 
indicate median values. For liking, the star indicates the median value for the change in 524 
liking was significantly different from zero (p=0.02; Wilcoxon Sign Rank test) for the 525 
Tea then Rabbit group. A trend may also be present for slightly higher bitterness ratings 526 
in Tea among those who received Rabbit then Tea (p=0.06; Wilcoxon Sign Rank test).  527 
 528 
 529 
Figure 2: Salivary flow/spitting efficiency during stimulation with tea over 15 seconds, 530 
when presented in tubes labeled either “Tea” or “Rabbit Hair.” Tubes contained 15 g of 531 
sample, and were accurately weighted before and after presentation. Flow rate was 532 
determined by mass differences, so negative values presumably indicate incomplete 533 
expectoration of sample. Horizontal lines indicate the group mean, which was 534 
significantly higher (p=0.008) in the Rabbit Hair condition. 535 
 536 
 537 
Figure 3: Same data as Figure 2 (salivary flow/spitting efficiency during stimulation) but 538 
stratified by order of tasting. Horizontal lines indicate group means. The main effect of 539 
condition (Tea versus Rabbit Hair) was functionally driven by those in the Tea first 540 
condition, where flow was significantly higher (* p=0.006) in the Rabbit Hair condition; 541 
the means did not differ by condition in the Rabbit first group. The # marks an outlier, 542 
but removing this individual did not change overall data patterns.   543 
  544 
 545 
Table 1: Spearman correlations 
 Rho p-value 
Salivation (N=40, non-compliant participants removed) 
Tea: Stimulated Saliva Rabbit: Stimulated Saliva 0.71 <.0001 
Rabbit: Chewing Saliva Tea: Chewing Saliva 0.90 <.0001 
Tea: Stimulated Saliva Sensation Seeking 0.36 0.02 
Rabbit: Stimulated Saliva Sensation Seeking 0.19 0.24 
    
Sensory and personality (N=51, those who did not use scale reliably removed) 
Tea: Liking Rabbit: Liking 0.57 <.0001 
Tea: Bitterness Rabbit: Bitterness 0.53 <.0001 
Rabbit: Bitterness Rabbit: Liking -0.45 0.0008 
Tea: Bitterness Tea: Liking -0.37 0.007 
Tea: Bitterness Sens. to Punishment 0.47 0.0006 
Tea: Liking Sens. to Punishment -0.37 0.008 
Rabbit: Bitterness  Sens. to Punishment  0.41 0.003 
Rabbit: Liking Sens. to Punishment -0.34 0.01 
Tea: Bitterness Tea Consumption -0.38 0.007 
Rabbit: Bitterness Tea Consumption -0.27 0.06 
Tea: Liking Tea Consumption 0.29 0.04 
Rabbit: Liking Tea Consumption 0.26 0.06 
Sensation Seeking Sens. to Reward -0.40 0.003 




  549 
Table 2: Analysis of Tea/Rabbit Hair stimulated saliva “flow” by 
expectoration efficiency 
 F p-value 
Both negative values: N=13 (4 with Rabbit Hair first) 
Main effect: Order*  F(1,11)=4.51 0.057 
Main effect: “Tea” vs. “Rabbit Hair” F(1,11)=6.22 0.030 
Interaction  F(1,11)=1.80 0.21 
One positive and one negative value: N=9 (5 with Rabbit Hair first) 
Main effect: Order*  F(1,7)=0.00 0.95 
Main effect: “Tea” vs. “Rabbit Hair” F(1,7)=1.27 0.30 
Interaction  F(1,7)=1.92 0.21 
Both positive values: N=18 (12 with Rabbit Hair first) 
Main effect: Order* F(1,16)=0.06 0.81 
Main effect: “Tea” vs. “Rabbit Hair” F(1,16)=2.28 0.15 
Interaction  F(1,16)=2.79 0.11 
*Order effect had very low power in these decreased sample groups 
 550 
  551 
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